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300-Watt-Output, 432-Mc Amplifier 

Utilizes RCA-8122 for Class C Operation 

By John M. Filipczak, K2BTM* 

RCA Electronic Components and Devices 



The author considers the RCA-8122 an ideal choice for use as a class C amplifier in trans- 
mitters operating in the frequency range from 400 to 500 megacycles. 

One of the most versatile and reliable beam-power tubes ever offered to promote high- 
efficiency operation on amateur UHF, this ceramic-metal type offers the ham outstanding 
performance characteristics at an attractive price. 

Ceramic-metal construction, combined with RCA's exclusive grid-making technique for 
precision grid alignment, afford this tube exceptional structural and electrical stability. 

Featuring a 13.5-volt heater and rated for CW and linear rf service, the 8122 is intended 
for either mobile or fixed-station operation. High-perveance design helps achieve UHF power 
output at relatively low plate voltages. At an operating frequency of 470 megacycles, a plate 
voltage of 2,000 volts, and a current of 0.3 ampere, useful CW power output is 300 watts. 

Reduced tube size and increased heat-handling capability further enhance the value of 
the 8122 in compact, mobile transmitters where space is at a premium. 



Design Features 

Figure 1 shows the package layout and Fig- 
ure 2 the schematic for an RCA-8122 in a 
class C amplifier designed to operate at 432 
megacycles. At this frequency, the output cir- 
cuit is effectively isolated from the input cir- 
cuit by the low-inductance ring terminal at- 
tached to grid No. 2. Input admittance at the 
high frequencies is reduced by three separate 
cathode leads which provide a low-inductance 
rf path to ground. One of the cathode leads— 
preferably the one from the No. 4 pin— can be 
series-tuned to ground with a small trimmer 
capacitor. This provides an additional means 
for broadband neutralization in the upper fre- 
quency range of the tube. 

The amplifier was designed to be driven by 
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Figure 1: Cutaway view of plate-line and grid-line assembly (all dimensions in inches). 
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C 2 — 0.5-3.0 pf , glass-piston capacitor 

(Erie 680073 or equiv.) 
Ca-7-45 pf, trimmer (Erie TS2A-4 or 

equiv.) 

C 4 — 1.8-9.0 pf, variable (Johnson 
Midget 160-104 or equiv.) 



C5-1 ,000 pf , button-type mica capac- 
itor (Erie 662-003-102K or equiv.) 

C 6 , C7-1 ,000 pf , feed-through capac- 
itor (Erie 362-102 or equiv.) 

C 8 — High-voltage bypass 
(see Figure 9) 

C 9 - Screen-grid bypass (E. F. John- 
son 124-113-1 or equiv.) 



Ji— Coaxial cable connector (UG 290 

A/U or equiv.) 
J 2 — 2-wire connector (Amphenol 

80PC2F or equiv.) 
U-See Figure 4 

L 2 — Flat piece of copper 4-5/16-inches 
long, % -inch wide, and Vs-inch thick 

L 3 — See Figures 1 and 6 

L 4 — Ohmite Z-460 or equiv. 

L 5 — 8 turns of No. 18 enamelled wire, 
14 -inch diameter, spaced to 1-inch 
length 

L 6 — 11 turns of No. 18 enamelled wire, 

5/16-inch diameter closewound. 
M-Meter, 0-50 ma 
Rx— 82 ohm, 2 watt 
R2-68O ohm, 1 watt 
Miscellaneous-High voltage "THRU" 
panel insulator (E. F.Johnson 135-42-2 
or equiv.); 0-50 ma meter; socket for 
RCA-8122 (E. F. Johnson 124-311-110 
or equiv.); two aluminum chassis, 
13-by-5-by-3 inches (Premier ACH- 
429 or equiv.); Vi-inch shaft-lock 
bushings (#181, Herman L. Smith, 
Inc., or equiv.); beryllium finger stock 
(Instrument Specialties Co., Inc., 
Little Falls, N. J., 97-115 and 97-136 
or equiv.); blower (air-flow-rating 
SV2 cubic feet per minute minimum); 
chimney (E. F. Johnson 124-111-1 or 
equiv.); ceramic insulators (James 
Millen Company or equiv.). 



Figure 2: Schematic diagram and parts list of K2BTM's 300-watt amplifier. 



an RCA-6939 twin pentode exciter driver,* 
but can use any other driving source which 
operates at the fundamental-amplifier fre- 



*The RCA-6939 was described by the author in an earlier paper, 
"Five Watts at 432 Megacycles with the 6939 Dual Pentode," 
published in 'QST" f or March, 1962. 



quency. It is vital, however, that the driving 
source selected maintain 5 watts of output 
under the required load. 

The RCA-8122 uses a coaxial type of elec- 
trode arrangement. When operated as a class 
C amplifier, the tube is capable of supplying 
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300 watts of rf power output (at frequencies 
up to 470 megacycles) for an input driv- 
ing power of only 5 watts. It is designed to 
operate with plate voltages from 700 volts 
(for 100- watt power output) to 2,000 volts 
(for 300-watt power output). The high power 
outputs achieved from relatively low plate 
voltages and driving power are made possible 
by the tube's high power sensitivity and per- 
veance. 

The RCA-8122 requires forced-air cooling 
during operation. The combined effect of this 
cooling, plus the heat dissipation capability 
from its highly efficient radiator, permits the 
tube to be operated at a maximum plate dis- 
sipation of 400 watts without any sacrifice in 
reliability. At this plate dissipation, the radia- 
tor-core temperature is rated at 250° C for 
the tube's specified air flow of 6V2 cubic feet 
per minute. The radiator-core temperature at 
maximum plate dissipation can be substan- 
tially reduced, however, if the rate of cooling 
is increased. The blower for the 8122 may be 
any one of the smaller, commercially avail- 
able types. 

Circuit Details 

The control grid (grid No. 1) of the am- 
plifier tube is connected to a half-wavelength 
strip line which is tuned at its open end by a 
glass-type piston-adjusted capacitor. This grid 
line is made from a piece of flat copper 
inch thick which reduces rf losses and helps 
maintain the grid temperature at a safe level. 

A combination of fixed (10.5-volt battery) 
and grid-leak bias is used in the circuit. The 
fixed bias makes certain that the tube will be 
operated within a safe range of dissipation 
should the driving power fail. The input- 
coupling link (Lx) is series-tuned to reduce 
reactance and provide optimum coupling be- 
tween the driver and grid No. 1 of the 8122. 

Cathode pins 1 and 9 are grounded to the 
chassis. The remaining cathode pin (No. 4) 
is then series-tuned to ground with a small 
trimmer capacitor to provide the required 
neutralization adjustment at 432 megacycles. 

The screen grid (grid No. 2) is bypassed to 
ground at the operating frequency by a 
screen-ring capacitor (E. F. Johnson type No. 
124-113-1 or equivalent). Additional neu- 
tralization of the amplifier circuit may be 
obtained by eliminating one or more of the 
screen-ring contact fingers. This effect is most 
easily accomplished by separating the contact 
finger from the screen-ring terminal on the 
tube with 0.01-inch-thick Teflon strips. The 
number of fingers that must be insulated is 
determined by the compensation necessary to 



OUTPUT COUPLING 




Top view of amplifier showing plate-line assembly. 

obtain complete neutralization. Requirements 
for neutralization vary among different am- 
plifiers. In some cases, none of the contact 
fingers need be insulated. In any event, since 
insulation can be easily added after the pack- 
age has been completely assembled, it should 
be avoided unless shown absolutely necessary 
by a neutralization check. 

The plate line is the most critical part of the 
amplifier circuit, and must maintain low-loss 
contact with the plate to insure satisfactory 
performance at the desired operating fre- 
quency. The plate line is a half-wavelength 
strip line tuned at its open end by a specially 
constructed tuning capacitor. This capacitor, 
Ci, is shown in Figure 1, and the details of its 
construction are outlined in the section that 
follows. 

Power may be transferred from the plate 
line to the load through either a link coupling 




Bottom view of amplifier showing grid-No. 1 assembly. 
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or capacitive-probe coupling. The latter is 
preferable because it provides greater flexi- 
bility of adjustment. 

Mechanical Construction 

The illustrations accompanying this article 
offer data you need for construction of the 
amplifier "package." 

As shown in Figure 1, the amplifier is 
mounted in two standard aluminum chassis, 
each of which is 13 inches long, 5 inches wide, 
and 3 inches deep. The chassis are fastened 
back-to-back to provide separate compart- 
ments for the grid and plate lines. Thus at- 
tached, all mounting holes with the exception 
of the tube-socket holes (whose diameters for 
the two chassis differ) may be drilled to size. 
A i/s-inch pilot hole is drilled through both 
chassis to correctly center the socket holes for 
accurate punching to final size. After all 
mounting holes have been drilled, the chassis 
are detached from each other, and holes for 
the tube socket punched in each chassis. This 
can be done in the sizes required with Green- 
lee type of socket punches. The outline of the 
plate chassis (Figure 3) indicates the sizes 
and locations of the socket holes for both 
chassis. The ventilation holes surrounding 
the socket holes should be punched through 
both chassis while they are fastened together. 
Locations and sizes of all other chassis holes 
are shown in Figures 1 and 4. 

All electrical ground connections are sol- 
dered to a piece of flashing copper which sur- 
rounds the base of the tube socket. This piece 
of copper is held to the base of the grid-line 
compartment by the four No. 6-32 screws that 
also hold the E. F. Johnson screen bypass 
ring, which is located in the plate-line com- 
partment. 

The grid-No. 1 line is held in place by sol- 
dering one end to the tab of the piston capaci- 
tor, C L >. The remaining end is soldered to the 
three grid-No. 1 socket pins, as shown in 
Figures 1 and 4. An aluminum bracket, 1 /i6" 
inch thick, holds the grid-tuning capacitor, 
Co, in position. The center of C> and the bush- 
ing holding the tuning shaft must line up if 
smooth tuning is to be obtained. A shield (see 
Figure 1 ) is placed in the grid compartment to 
isolate the grid-current meter from the RF 
field. The shield also reduces the size of the 
grid section, thereby increasing the efficiency 
of "pressurized" cooling. 

Before the tube socket is assembled, all 
screen-contact tabs should be removed from 
the socket— that is, from pins 2, 7, and 10. 
The dc connection to the screen grid is made 



in the plate compartment. Figure 5 shows the 
method used for the dc connection to the 
screen grid. 

Details for the construction of the plate line 
are shown in Figures 1 and 6. The bracket 
assembly that guides the No. %-20 threaded 
plate-capacitor tuning shaft should be con- 
structed close to the dimensions shown in 
Figure 7. An improperly constructed bracket 
will result in an erratic ground for the plate- 
tuning assembly. The distance of the plate line 
from the ground reference should be the re- 
quired IV2 inches. This distance provides the 
correct surge impedance and resonant fre- 
quency of the strip line with the top cover in 
place. 

The B-f- choke is connected to the plate 
line by one of the screws which hold the plate 
assembly together. This connection is shown 
in the photograph on page 3. The B-f- choke 
is connected at the low-voltage, high-current 
point of the plate line. The output-coupling 
probe shown in Figure 8(a) is located in this 
area. The specially constructed high-voltage 
bypass capacitor consists of a 1/32-inch brass 
plate insulated from the chassis by a 0.006- 
inch-thick piece of mica insulation (see Fig- 
ure 9) . The value of the bypass capacitance is 
sufficiently great to make it essentially a short 
circuit at the operating frequency. 

The ^-inch shaft-lock bushings are also 
used for guiding the shaft for the plate-tuning 
capacitor. These bushings (No. 181, Herman 
L. Smith, Inc., or equiv.) are ideal for this 
application because they can be adjusted to 
provide the amount of "drag" or tension re- 
quired to sustain a good contact. 

The soldering of the finger stock to the plate 
assembly can be simplified by use of a tapered 
wooden plug as shown in Figure 10. The plug 
will hold the finger stock in place and prevent 
excessive heat absorption during the solder- 
ing operation. 

Operation and Tuning 

Adherence to the following procedures and 
instructions is recommended to assure safe 
and satisfactory operation of the amplifier 
circuit: 

1. All plate-supply voltages in the range 
specified for the operation of the RCA-8122 
are high enough to represent a potential dan- 
ger to human life. Therefore, as a safety pre- 
caution, all supply voltages should be inter- 
locked. 

2. In the proposed application, the heater 
power for the RCA-8122 should be 12.5 volts, 
ac or dc, at 1.3 amperes. After the heater 
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Figure 3(a): Details of vent and socket holes. 
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Figure 3(b): Details of top cover for plate-line chassis. 
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Figure 4: Side view of grid-No. 1 compartment, including details of Li construction. 
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Figure 7: Details of construction. 

Note: beryllium finger stock (In- 
strument Specialties Co., Inc., 
97-115 or equivalent). 
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Figure 5: Procedure for making 
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No. 2. 
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power is applied, the tube should be allowed 
to warm up for at least one minute before the 
plate voltage is applied. This procedure will 
help assure substantially longer tube life. 

3. All tests for neutralization and tuning 
should be made with both grid- and plate- 
compartment covers in place. 

The general procedure for preparing the 
amplifier for operation is as follows : 

After a sufficient heater-warmup period has 
been allowed, the driving power is applied to 
the amplifier circuit without plate or screen- 
grid voltage supplied to the tube. The grid- 
No. 1 current meter should indicate approxi- 
mately 30 to 35 milliamperes of current for 5 
watts of drive power. If the grid current is 
insufficient, the following adjustments should 
be made: 



1. The cathode neutralizing capacitor, C*, 
should be adjusted for maximum grid cur- 
rent. Approximately one-half the total capaci- 
tance should be sufficient to provide the re- 
quired indication, although further adjust- 
ments of C3 may be necessary upon applica- 
tion of plate and screen-grid voltages. 

2. Position the input-coupling link, Lj, for 
maximum grid current and a minimum input 
standing-wave ratio. The grid-line tuning ca- 
pacitor, C 2 , and the input-line capacitor, C 4 , 
must be adjusted simultaneously with the po- 
sitioning of Li with respect to the grid line. 
A standing-wave-ratio bridge inserted be- 
tween the driver and L x will make the preced- 
ing adjustments much simpler. 

After the input coupling has been properly 
adjusted, a preliminary check of the ampli- 



Winter, 1963-64 



RCA HAM TIPS 



7 



1 

2 




t 





1-7 



CROSS-SECTIONAL 
VIEW 

No. 10 
ENAMEL COPPER- 
WIRE 




RG 8/u 
SOLDER SHIELD 



^O.D. BRASS TUBING 2 j LONG 



/~32 



FLASHING COPPER 



SOLDER COAX INNER CONDUCTOR 
TO No. 10 BUS (L7) 

g TEFLON TUBING 



STRIP COAX CABLE FROM END 2-|. 
COMB, BRAID BACK, AND INSERT INNER 
POLY. INSULATOR THROUGH BRASS TUBE; 
SOLDER BRAID AND No.lO BUS (L7) IN PLACE. 



Figure 8(a): Construction details for coupling probe. 
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Figure 10: Recommended procedure for soldering fin- 
ger stock to A 1 of plate-line assembly. 

Note: 3 /s-wide beryllium finger stock (Instrument Special- 
ties Co., Inc., 97-136 or equivalent). 
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Figure 8(b): Cover for plate-line compartment show- 
ing vent holes and location of hole for coupling probe. 



fier neutralization should be made as follows: 
Adjust the plate-tuning capacitor, Ci, 
throughout its range and observe grid-No. 1 
current. No change in grid current should 
occur as Ci goes through resonance. If there 
is any noticeable change, readjust Ca slightly. 
If the condition persists, further neutraliza- 
tion is accomplished by insulating one or 
more fingers of the E. F. Johnson bypass ring 
from the screen-ring terminal of the tube. 
Small pieces of 0.010-inch-thick Teflon can 
be used for this purpose. Generally, no more 
than two fingers should have to be insulated 
to obtain complete neutralization. The insula- 
tion of more than two fingers can result in 
self-oscillation, which is indicated by exces- 
sive grid-No. 1 current. 

In the next stage of the amplifier-circuit 



preparation, terminate the output-coupling 
probe with a 50-ohm load,* and apply dc vol- 
tages to the plate and screen grid of the tube 
from a variable supply. Begin with 700 volts 
on the plate and something less than 200 volts 
on the screen. The plate capacitor is then 
tuned to resonance and the probe coupling ad- 
justed, simultaneously, for maximum power 
output. Maximum power output does not nec- 
essarily occur at minimum plate current; 
therefore, some form of output-power meas- 
uring device is required. 

At resonance with 700 volts on the plate 
and 200 volts on the screen grid, the power 
output should be approximately 100 watts. 



*The 50-ohm load must be suitable for use in the 400-to-500- 
megacycle frequency range and capable of dissipating 300 watts 
of power. 
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The plate current should be in the range from 
260 to 300 milliamperes. Grid-No. 1 current 
should be between 25 to 30 milliamperes. If 
grid-No. 1 current is found to be higher than 
35 milliamperes at this point, recheck for neu- 
tralization. When the plate potential is in- 
creased to 1,500 volts, the power output will 
be approximately 235 watts. For a plate po- 
tential of 2,000 volts, the power output will 
be 300 watts for 600-watt input. 

Antenna and Feedline System 

The antenna and feedline used with the am- 
plifier unit must be judiciously selected if the 
desired output is to be obtained without the 
cost of the system becoming exorbitant. A rec- 
ommended arrangement that is relatively in- 
expensive and provides a low-loss antenna 
feed is described as follows: 

In this arrangement, an antenna that pre- 
sents a 300-ohm load impedance should be 
used. The main portion of the feedline, which 
will extend from the antenna into the "shack," 
can then be a low-loss, 300-ohm, open- wire 
line or one of the better-quality, television- 
transmission lines. This 300-ohm line must be 
connected to the amplifier through a 4-to-l 
balun, which may be constructed from Rg- 
11/U coaxial. (For instruction on balun con- 
struction, refer to ARRL Handbook.) This 
balun is needed to provide the impedance 



transformation of 300 to 50 ohms required 
to match the antenna system to the power am- 
plifier. The advantage of this arrangement is 
that the length of coaxial cable used in the 
feed system need not be longer than 5 or 6 
feet. The use of Rg-8/U cable in lengths 
greater than 6 feet is not recommended be- 
cause of the high attenuation factor of this 
cable at 450 megacycles. 

There are several commercially available 
very-low-loss, 50-ohm coaxial cables that 
would be highly suitable for use as antenna 
feedlines for the power amplifier; however, 
they are substantially more expensive than the 
more common Rg-8/U cable or open-wire 
type of line. A typical example of a very-low- 
loss, 50-ohm coaxial cable is Foam Heliax, 
which is manufactured by the Andrew Cor- 
poration. This cable has an attenuation of 
only 1.25 db per 100 feet at 450 megacycles. 
The Rg-8/U has a loss figure of 5db per 100 
feet at 450 megacycles. These figures indicate 
that the losses in a feedline made of Rg-8/U 
cable would be more than twice those in a 
feedline made from Foam Heliax. 

The importance of the type of feedline used 
between the amplifier and the antenna— as 
well as the method of its employment-marmot 
be emphasized too strongly. With a rerss of 3 
db in the feedline, only half of the tul?fc power 
output will be delivered to the antenn|.^M^ 
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